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Introduction
============

The provision of effective analgesia and sedation for patients in the intensive care unit (ICU) is important in controlling pain, relieving agitation and anxiety, and aiding compliance with mechanical ventilation, and thereby maintaining patient comfort. Agents such as propofol and midazolam are commonly used for sedation in the ICU because of their effectiveness and relatively short elimination half-lives \[[@B1],[@B2]\]. The risk for accumulation and delayed recovery with these agents appears to be lower than that with traditional opioids. Consequently, opioid dose is usually minimized, with physicians choosing to manipulate the sedative dose to maintain optimal patient comfort (hypnotic based treatment regimens). However, analgesia based sedation techniques, which focus on patient comfort rather than on patient sedation by catering to the analgesic needs of the patient and adding a sedative only if necessary, are becoming more established in the ICU setting. Both approaches currently have certain limitations because metabolism and elimination of the sedative and analgesic agents may be prolonged in critically ill patients, and there is a potential for accumulation and unpredictable and/or delayed recovery, particularly during weaning from mechanical ventilation.

Remifentanil hydrochloride is a potent, selective μ opioid receptor agonist, which is indicated for use during induction and maintenance of general anaesthesia and for the provision of analgesia in mechanically ventilated critically ill patients. Remifentanil has an onset of action of about 1 min and quickly achieves a steady state. Unlike existing opioids, however, it is rapidly metabolized by nonspecific blood and tissue esterases \[[@B3]\] into a clinically inactive metabolite. This results in an elimination half-life of less than 10 min, which is independent of infusion duration \[[@B4]\]. These characteristics render remifentanil very easy to titrate to effect and allow administration at higher doses than are normally used with traditional opioids without concerns about accumulation and unpredictable and/or delayed recovery.

A number of investigators have reported on the potential role and actual use of remifentanil in the critically ill \[[@B5]-[@B12]\]. The unique pharmacological profile of remifentanil has proved particularly advantageous in neurotrauma patients \[[@B13]-[@B15]\], patients with renal impairment \[[@B16]-[@B18]\], cardiac postsurgical patients \[[@B19]\], general postsurgical patients \[[@B20]\], and patients with chronic obstructive pulmonary disease and other respiratory complications \[[@B21],[@B22]\]. Because of the rapid and predictable mode of metabolism, use of high doses of remifentanil has also been investigated in patients undergoing short, painful procedures \[[@B13],[@B23],[@B24]\]. Comparator studies have also been reported that confirm the rapid and predictable recovery that is achieved when using remifentanil \[[@B14],[@B15],[@B21],[@B25]\]. There are also reports that use of remifentanil in the critically ill can reduce the need for sedative agents \[[@B17],[@B25],[@B26]\] and can offer significant cost savings \[[@B21],[@B27]\].

Remifentanil may permit improvement in patient comfort in the ICU by optimizing the use of the opioid component by initiating and titrating the opioid infusion before administration and titration of a hypnotic agent. The present randomized, double-blind study was conducted to compare the efficacy and safety of remifentanil plus propofol as required with a standard regimen of fentanyl plus propofol in ICU patients requiring mechanical ventilation.

Methods
=======

The study was conducted in accordance with good clinical practice and with the guidelines set out in the Declaration of Helsinki. Informed consent/assent was obtained from all patients or their representatives. After approval from local and national ethics committees, a total of 196 patients from 21 centres were recruited (four centres in Belgium, eight in Germany, one in The Netherlands, four in Spain, four in the UK). In total, 152 patients were randomized, in a double-blind manner, to receive either a remifentanil based regimen or a standard fentanyl--propofol regimen for analgesia and sedation in the ICU. In addition, 18 patients (12 on remifentanil/6 on fentanyl) were treated on an open-label basis as a pilot for the main study. A further 26 patients (who all received open-label remifentanil; referred to hereafter as \'practice patients\') were treated at the remaining sites (up to 2 patients per site) to allow familiarization with the protocol procedures.

Patients were eligible for entry into the study if they were aged 18 years or older, weighed 120 kg or less, had been admitted into the ICU within the past 24 hours, and were intubated and expected to require mechanical ventilation for a further 12--72 hours. The maximum duration of the infusion was in accordance with propofol labelling restrictions in some countries at the time of conducting the study. To help ensure a balance in the severity of illness and patient case--mix between the two treatment groups, randomization of double-blind patients was stratified according to the patients\' modified ICU admission Simplified Acute Physiology Score (SAPS) II \[[@B28]\] (i.e. 6--29, 30--37 and 38--52) and whether the patients were cardiac postsurgical, general postsurgical, or medical patients. The modified ICU admission SAPS II scores were calculated using data collected from the patients over at least 2 hours after their entry into the ICU. Patients were excluded from the study if they required a neuromuscular blocking agent to facilitate mechanical ventilation or if they had or were likely to require an epidural block during the maintenance phase of the study (defined as the time between starting the study drug treatment until the start of the extubation process or until 72 hours after starting the study drug infusion, whichever occurred first). Patients were also excluded if they were likely to require a tracheostomy within 4 days of ICU entry, if they had a neurological condition that might affect assessment of Sedation--Agitation Scale (SAS) score \[[@B29]\], if they had moderate or severe renal impairment (predicted creatinine clearance \<50 ml/min), and if they had a modified ICU entry SAPS II in excess of 52. Patients with a history of allergy to opioids, benzodiazepines, propofol, or alcohol/drug abuse were excluded from the study.

The use of sedative and analgesic agents after ICU admission was restricted to alfentanil/fentanyl and propofol while preparations were being made to enter the patient into the study.

The treatment period was defined as the following four phases: maintenance phase (from the start of the study drug until the start of the extubation process); extubation phase (from the beginning of the extubation process until the time of actual extubation); postextubation phase (from extubation until the study drug was discontinued); and post-treatment period (from the time of discontinuation of the study drug until 24 hours later or until ICU discharge, whichever occurred first).

Treatment protocol
------------------

The aim of the study was to achieve optimal sedation and patient comfort by maintaining an optimal SAS score of 4, without clinically significant pain, until the start of the extubation process or for 72 hours, whichever occurred first. Table [1](#T1){ref-type="table"} shows the SAS scoring system. The Ramsay Sedation Scale is considered the \'gold standard\' scoring system for assessing sedation in the ICU patient and was designed as a test of arousability. The SAS score was chosen for use in this study because it allows assessment of both sedation and agitation, and allows agitation to be stratified into three categories, as opposed to only one with the Ramsay Sedation Scale. Pain was assessed by the investigator/study nurse using a six point Pain Intensity (PI) scale, as follows: 1 = no pain, 2 = mild pain, 3 = moderate pain, 4 = severe pain, 5 = very severe pain, and 6 = worst possible pain. Clinically significant pain was defined as a score of 3 or more.

Remifentanil hydrochloride (lyophilized powder in sterile vials each containing 5 mg of the compound) was reconstituted/ diluted with standard diluent. The pharmacy at each study site supplied the fentanyl from commercial stock.

Treatment was started in patients with an SAS score of 2 or greater after completion of baseline assessments. All patients received an initial infusion of blinded opioid (remifentanil: placebo bolus dose + 9 μg/kg per hour infusion at 6 ml/hour; fentanyl: 1 μg/kg bolus + 1.5 μg/kg per hour infusion at 6 ml/hour). Optimal sedation (SAS score 4) was then targeted by titrating the infusion in 1 ml/hour increments (remifentanil: placebo bolus dose + 1.5 μg/kg per hour rate increase; fentanyl: 1 μg/kg bolus dose + 0.25 μg/kg per hour rate increase). Only when the opioid infusion rate had reached the \'propofol trigger dose\' (8 ml/h; remifentanil: 12 μg/kg per hour; fentanyl 2 μg/kg per hour; Fig. [1](#F1){ref-type="fig"}) was propofol to be administered as an initial bolus dose of up to 0.5 mg/kg and an infusion of 0.5 mg/kg per hour, and titrated in 25% increments (0.25 mg/kg bolus dose + 0.125 mg/kg per hour rate increase; Fig. [1](#F1){ref-type="fig"}) to treat agitation. Excessive sedation (SAS score \<4) without pain was treated either by reducing or by discontinuing the propofol (if being administered) or opioid infusion. Pain was treated with an opioid bolus dose and an increase in the opioid infusion rate (as described above). If patients were both agitated and in pain, propofol and the opioid were titrated at the same time. Dose adjustments were made at 10 min intervals. The dosing algorithm described above applied only to the maintenance phase of the study.

Pain and sedation scores were assessed before each dose adjustment, according to the dosing algorithm, and reassessed 10 min after each adjustment. If, after 5 min, the investigator felt that increased analgesia/sedation was needed, then propofol or open-label fentanyl could be given.

Qualification of patients for extubation was at the discretion of individual investigators, based upon their clinical judgement. When the patient was judged to be ready to begin the extubation process, the propofol infusion (if administered) was discontinued. To allow for smooth emergence from the effects of remifentanil and time for administration of pre-emptive analgesia, the study opioid infusion rate was decreased in four decrements to 4 ml/hour over a period of up to 1 hour. Open label bolus doses of propofol (0.5 mg/kg) for sedation and fentanyl (1 μg/kg) for analgesia could be administered if required. Epidural bupivacaine, at the recommended dose, could also be administered. Following extubation, the study opioid infusion was discontinued in four 25% decrements over a period of 1 hour. If the patient had not been extubated after 72 hours, then the study opioid infusion rate was discontinued in four decrements over a period of 1 hour, with open label bolus doses of propofol and fentanyl administered as required. Subsequently, open label infusions of sedative/analgesic agents were administered as clinically indicated and according to standard therapy following discontinuation of study opioid infusions.

Patient monitoring
------------------

In addition to SAS and PI scale scores, mean arterial pressure (MAP) and heart rate (HR) were recorded at baseline, and approximately every 20 min from the start of study drug administration for the first 6 hours, then every hour until extubation, and immediately before and 10 min after changes in study opioid or propofol dose. During extubation, these parameters were recorded every 20 min for the first 4 hours and then every hour. Following extubation, SAS and PI scale scores, MAP and HR were recorded every hour for 24 hours or until ICU discharge.

Study end-points
----------------

The primary efficacy end-point was the between-patient variability about the mean percentage of hours of optimal sedation (i.e. SAS score 4) during the maintenance phase. This end-point provided a measure of the effectiveness of the treatment regimens in achieving a constant level of optimal sedation, because a reduction in variability implies increased efficacy in maintaining stable sedation. Secondary end-points included the incidence of pain during the treatment and post-treatment periods, and comparisons of the dosages and administration of remifentanil, propofol and fentanyl. Patients\' vital signs were assessed during and after treatment, and all adverse events were recorded. Serious adverse events were defined as adverse events that resulted in any of the following outcomes: death, life threatening event, prolongation of hospitalisation, and disability/incapacity. Important medical events that did not result in death or were not life threatening were considered serious adverse events when, based upon appropriate medical judgement, they jeopardized the patient and required medical or surgical intervention to prevent one of the outcomes listed above.

Statistical methods
-------------------

Analysis of safety was performed in all of the patients treated in the present study (pilot, practice, and double-blind patients; *n*= 196). Analysis of efficacy was performed on the double-blind patients (intent-to-treat population; *n*= 152). A total of 152 randomized patients were required to detect a 50% reduction in the variance of the arcsine square root transformed percentage of hours of optimal sedation for patients on the remifentanil-based treatment regimen compared with the standard treatment regimen, using a two-sided F-test with 80% power and a 0.05 level of significance. For the mean percentage of hours in which patients were optimally sedated (SAS score 4), a comparison was made between the two treatment groups using an unpaired *t*-test on the arcsine square root transformed data. The percentages of time during which patients had no or mild pain during the maintenance phase, the extubation phase, the post-extubation phase and the post-treatment period were calculated for each patient and summarized by treatment group. For each time interval, a comparison was made between the two treatment groups using Wilcoxon\'s rank sum test. For all patients, the times from starting the extubation process until actual extubation, from the start of the study drug infusion until ICU discharge, and from extubation until ICU discharge were analyzed using Cox\'s proportional hazards model.

The incidences of adverse events in the two groups were analyzed using Fisher\'s exact test. Weighted mean MAP and HR values, recorded from the start of the study drug infusion until 24 hours after discontinuation of study drug, were summarized by treatment group and assessed using analysis of covariance, with the prestudy drug administration value as a baseline covariate. The proportions of patients with MAP values of 50 mmHg or less, and 100 mmHg or more, and with HR below 50 beats/min and above 120 beats/min were summarized by treatment group and analyzed using logistic regression. All summary statistical computations were performed using SAS version 6.12 (SAS Institute Inc., Cary, NC, USA). All tests of significance were two-sided and carried out at the 5% level.

Results
=======

A total of 196 patients (115 remifentanil, 81 fentanyl) were evaluable for safety. The intent to treat population (double-blind patients) included 152 patients (77 received remifentanil; 75 received fentanyl). Demographic and clinical characteristics are summarized in Table [2](#T2){ref-type="table"}, which shows that the treatment groups were well matched. The majority of patients were admitted to the ICU after cardiac surgery. In total, 84% of patients were elective admissions. Baseline SAS and PI scale scores were similar in the remifentanil (mean SAS score 3.2, mean PI scale score 1.4) and fentanyl (mean SAS score 3.5, mean PI scale score 1.5) groups. Baseline MAP and HR values were also similar between groups. The median durations of the study phases are summarized in Table [3](#T3){ref-type="table"}.

Efficacy
--------

Data for the mean percentage of hours of optimal sedation are summarized in Table [4](#T4){ref-type="table"}. The two regimens had similar efficacy for the time during which patients had an optimum level of sedation, and there was no significant difference between the groups in the primary efficacy measure. The ratio of between-patient variability (fentanyl versus remifentanil) around the mean percentage of hours of optimal sedation during the maintenance phase was 1.09 (not significant). One patient in the remifentanil group failed to achieve an SAS score of 4 after the start of the study drug infusion, and their SAS score did not rise above a value of 2 despite the remifentanil infusion being stopped after 280 min. It was considered that this patient\'s state of unconsciousness was possibly caused by neurological injury as a result of heart valve surgery and was not related to the use of remifentanil. When the primary end-point analysis was repeated, but excluding this patient, there was significantly less variability in the transformed data for the remifentanil treatment group (variance 0.03) compared with the fentanyl treatment group (variance 0.06). The variance ratio (fentanyl/remifentanil) was 1.84 (*P*= 0.009).

Table [5](#T5){ref-type="table"} summarizes the data for patient exposure to study opioids and propofol during the maintenance phase. The median total dose of propofol administered to patients was markedly lower in the remifentanil group (378.4 mg) than in the fentanyl group (683.0 mg; *P*= 0.065). The number of propofol bolus doses administered was also lower on average in the remifentanil group, and a smaller proportion of patients (35%) in the remifentanil group than in the fentanyl treatment group received a propofol infusion (40%; significance not tested). The mean time until the propofol infusion was started (when required) was longer in the remifentanil group than in the fentanyl treatment group (6.6 hours versus 5.9 hours; significance not tested). The mean percentage of time during which patients received propofol infusion was also lower in those remifentanil treated patients who received propofol than in the fentanyl group (62.8% versus 76.1%; significance not tested). The weighted mean propofol infusion rates were similar in the remifentanil (0.7 mg/kg per hour) and fentanyl (0.8 mg/kg per hour) groups.

With regard to analgesia, the mean percentages of time in the maintenance phase during which patients had at least moderate pain were 2.6% (range 0.0--37.6%) in the remifentanil group and 3.1% (range 0.0--65.4%) in the fentanyl group (not significant). The corresponding figures for the extubation phase were 6.5% for remifentanil (range 0.0--100.0%) and 1.4% for fentanyl (range 0.0--33.3%; *P*= 0.013); for the postextubation phase they were 10.2% for remifentanil (range 0.0--75.0%) and 3.6% for fentanyl (range 0.0--66.7%; *P*= 0.001); and for the post-treatment period they were 13.5% for remifentanil (range 0.0--100.0%) and 5.1% for fentanyl (range 0.0--58.3%; *P*= 0.001). The proportions of patients experiencing pain during the maintenance phase were similar in the two groups, with 51% of patients in the remifentanil group having at least moderate pain as compared with 49% of patients in the fentanyl group. The corresponding percentages for the extubation and postextubation phases, and the post-treatment period were 23% for remifentanil and 7% for fentanyl, 33% for remifentanil and 9% for fentanyl, and 52% for remifentanil and 28% for fentanyl, respectively.

A similar proportion of patients in the remifentanil (6%) and fentanyl (8%) groups received supplementary propofol for analgesia/sedation during the extubation and postextubation phases of the study, with 60% and 67% of patients in these groups, respectively, receiving three or fewer bolus doses. The mean total dose of propofol administered during these periods was lower in the remifentanil group (77 mg, range 20--156 mg) than in the fentanyl group (89 mg, range 20--220 mg). In contrast, use of supplementary fentanyl and morphine during the extubation and postextubation phases of the study was higher in the remifentanil group, reflecting its rapid offset of action. In total, 17% of patients in the remifentanil group received additional fentanyl (≤ 3 bolus doses in 85%) as compared with 3% of those in the fentanyl group (≤ 3 bolus doses in 50%), and the mean total dose of fentanyl administered to patients in the remifentanil group (140.4 μg, range 50--250 μg) was higher than that for patients in the fentanyl group (105 μg, range 60--150 μg). Supplementary morphine was administered to 25% of patients in the remifentanil group and 13% of those in the fentanyl group, with 89% and 90% of patients in these groups, respectively, receiving three or fewer bolus doses. The mean total dose of morphine administered to patients in the remifentanil group (8.6 mg, range 1--22 mg), however, was lower than that for patients in the fentanyl group (11.4 mg, range 1--40 mg).

There were no statistically significant differences between the two treatment groups with regard to recovery parameters. The median time from starting the extubation process until extubation was 1.1 hours (standard deviation \[SD\] 2.8, range 0.0--21.0 hours) in the remifentanil group and 1.3 hours (SD 0.9, range 0.0--4.5 hours) in the fentanyl group. The median times from extubation until ICU discharge and from starting the study drug until ICU discharge were 25.1 hours (SD 35.6, range 1.8--137.1 hours) and 40.8 hours (SD 40.2, range 2.7--150.3 hours), respectively, in the remifentanil treated patients. The corresponding times for patients in the fentanyl group were 22.0 hours (SD 29.6, range 1.5--136.0 hours) and 39.5 hours (SD 40.5, range 0.3--151.2 hours), respectively.

Safety
------

Both treatment regimens were well tolerated. Of the remifentanil patients 14% received treatment for longer than 24 hours, as did 13% of the fentanyl patients. At least one adverse event was reported in 48% of patients in the remifentanil group and in 37% of those in the fentanyl group (not significant). There was also no statistically significant difference between the two groups in the incidence of drug related adverse events (23% for remifentanil and 17% for fentanyl). The most common adverse events reported during the study period were hypotension (10% for remifentanil and 9% for fentanyl; not significant), nausea (9% for remifentanil and 6% for fentanyl; not significant), fever (5% for remifentanil and 9% for fentanyl; not significant) and vomiting (5% for remifentanil and 6% for fentanyl; not significant). These events are generally typical of those associated with the use of potent μ opioid receptor agonists and with the postsurgical setting. Both groups of patients had similar, stable haemodynamics (Table [6](#T6){ref-type="table"}).

Discussion
==========

The dosing algorithm used in the present study was designed to mimic a standard fentanyl/propofol regimen in the control group, while allowing initial titration of opioid infusion before the addition of propofol to achieve and maintain optimal sedation and analgesia. This was to allow assessment of the efficacy of remifentanil as initial treatment while administering a clinically relevant treatment regimen in the control group. Thus, in essence, the study was designed to compare the use of an analgesia based technique, using remifentanil, with a hypnotic based technique using fentanyl/propofol. Because of the lower (but clinically relevant) dose of fentanyl administered, it was expected that the majority of fentanyl patients would go on to receive propofol. In practice, both remifentanil and fentanyl were very effective in providing optimal sedation and analgesia, and fewer than 40% of the patients in either treatment group required the propofol infusion. It is notable, however, that a lower median total propofol dose was administered in the remifentanil group. Although this difference was only marginally statistically significant (*P*= 0.065), it may nonetheless be clinically important because remifentanil treated patients had less exposure to the lipid emulsion used in propofol.

Low requirements for propofol in both groups probably reflects the stringent conditions of the dosing algorithm, which demanded frequent monitoring and adjustment of the level of sedation to ensure that an SAS score of 4 was maintained. In routine clinical practice, patients are likely to be less frequently monitored and more deeply sedated, with potential for conventional opioids such as fentanyl and sedatives to accumulate. This should not happen when using remifentanil because of its rapid offset of action, which is independent of the duration of administration. It should be possible to optimize swiftly the patient\'s level of sedation by adjusting the remifentanil infusion rate. Starting the remifentanil infusion at 9 μg/kg per hour (0.15 μg/kg per min) and titrating to 12 μg/kg per hour (0.2 μg/kg per min) before starting the administration of propofol at 0.5 mg/kg per hour (with a bolus dose of up to 0.5 mg/kg) appeared to be clinically appropriate in the present study. Because of the synergistic interaction between remifentanil and propofol, if more conventional doses of propofol were administered (2--3 mg/kg per hour) with the doses of remifentanil used in the study, then adverse sequelae such as hypotension are likely to occur. A much reduced starting dose of propofol is therefore recommended.

The high overall percentage of time with optimal sedation observed in the study is very similar to that reported by Carrasco and coworkers \[[@B1],[@B2]\], who demonstrated that the percentage of time with optimal sedation was 92% when using propofol based sedation, 88% using midazolam based sedation, and 90% using the combination. The targeted Ramsey score of 2--5 used by Carrasco and coworkers is less stringent than the SAS score of 4 used in the present study. Our study therefore demonstrates that the use of a remifentanil based sedation technique has the potential to provide at least a similar quality of sedation to that currently obtained using hypnotic based techniques. The organ independent mode of metabolism makes remifentanil the opioid of choice for use in patients with impaired renal function.

The primary end-point in the present study was the between-patient variability about the mean percentage of hours of optimal sedation during the maintenance phase. The ease of titration to effect offered by remifentanil should result in less variability in the time that patients are optimally sedated. Data from patients reaching an SAS score of 4 were significantly less variable in the remifentanil group than in the fentanyl group, indicating the potential of remifentanil use to improve patient comfort in the ICU. The ease and rapidity with which remifentanil can be titrated to effect may make it easier for ICU staff to maintain an optimal level of sedation and analgesia for individual patients, and to avoid the undesirable variations in depth of sedation.

Higgins and coworkers \[[@B30]\] reported that mean extubation times in postsurgical patients receiving propofol or midazolam supplemented with bolus doses of morphine were 4.3 hours and 3.5 hours, respectively. Our study data suggest that this time can be considerably reduced when using an opioid based sedative technique, because the median time from the start of the extubation process to extubation was less than 80 min in both treatment groups. In 46 postsurgical ICU patients receiving remifentanil, Wilhelm and coworkers \[[@B20]\] showed that two-thirds were extubated within 15 min of starting the extubation process and 87% within 45 min. Soltész and coworkers \[[@B15]\] also reported faster recovery when using remifentanil than with sufentanil. The similar extubation times in the remifentanil and fentanyl groups in the present study probably reflect the stringent dosing guidelines and close monitoring of patients to maintain a target sedation level, which prevented any significant accumulation of fentanyl.

The greater incidence of pain and use of supplementary analgesia in the remifentanil group during the extubation phase and beyond is consistent with its rapid offset of action and reflects constraints in optimizing the transition to alternative analgesia in the context of this double-blind study, which compared two agents with very different pharmacokinetic/ dynamic characteristics. In order to avoid confounding assessment of the primary end-point, and to adhere with the confines of the study protocol, it was not possible to commence administration of longer acting analgesics until completion of the maintenance phase. It is therefore not surprising that there was a trend toward more pain and agitation in the remifentanil patients during the extubation phase and afterward. Pain was effectively treated with up to three doses of a longer acting analgesic in the majority of patients. Given the higher incidence of pain in the remifentanil group, however, larger doses and earlier administration of alternative treatment strategies than those used in the present study would appear to be warranted. This emphasizes the need to consider proactively the patient\'s analgesic requirements when using remifentanil so that there is a smooth transition to alternative analgesia.

The majority of adverse events reported during the present study were expected in patients requiring intensive care either for medical reasons or following surgery, and were typical for patients given μ opioid agonists. Fentanyl is frequently used in the ICU because it offers greater haemodynamic stability when compared with morphine because of its lack of histamine release. The similarity in the weighted mean MAP and HR data, and the comparable incidence of patients with haemodynamic outliers (Table [6](#T6){ref-type="table"}) in both treatment groups shows that remifentanil provided an acceptable degree of haemodynamic stability.

Conclusion
==========

In conclusion, initiation and titration of remifentanil before administration of propofol allowed effective provision of optimal sedation and rapid extubation without the need for propofol in the majority of patients with normal renal function or mild renal impairment. Remifentanil was associated with significantly less between-patient variability in the mean percentage of time with optimal sedation than was fentanyl. The present study shows that either opioid can be effective as initial treatment for the provision of sedation and analgesia in ICU patients. To achieve this using conventional opioids such as fentanyl, however, would require almost constant patient monitoring to ensure that over-sedation caused by drug accumulation, resulting in delayed extubation, does not occur. Such intensive monitoring should be unnecessary with remifentanil. If the patient becomes over-sedated, then the rapid offset of the effects of remifentanil should allow swift optimization by altering the infusion rate. Furthermore, the risk for delayed extubation because drug accumulation should be markedly reduced with remifentanil, regardless of the duration of administration \[[@B4]\]. To maximize the benefits offered by remifentanil, local analgesia/sedation protocols and dosage guidelines based on the dosing algorithm used in the present study will need to be developed. One of the most significant advantages of remifentanil is its organ independent mode of metabolism. This makes it particularly valuable for use in patients with organ impairment. Studies have investigated its use in this group \[[@B16]-[@B18],[@B31]\]. Remifentanil was well tolerated and provided good haemodynamic stability -- similar to that observed in patients receiving fentanyl, which is the current \'gold standard\' for the provision of haemodynamic stability in the ICU setting.

Key messages
============

• Analgesia based sedation using remifentanil allowed effective provision of optimal sedation without the need for propofol in the majority of patients

• Reduced variability in the provision of optimal sedation when using remifentanil implies improved control of patient comfort when compared with fentanyl

• Although not perceived as a clinical issue, the rapid and predictable offset of analgesic action resulted in a greater incidence of pain with remifentanil. This highlights the need for proactive pain management when transitioning to longer acting analgesia

• The remifentanil regimen was well tolerated, and the haemodynamic and adverse event profiles were similar to those of fentanyl

• The titratability, short duration of action and reduced requirement for propofol make remifentanil a very useful opioid for provision of analgesia based sedation in critically ill patients. To achieve the maximum benefit of this technique, remifentanil should be initiated and titrated to response before any sedative is administered
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###### 

The Sedation--Agitation Scale

  Score   Description           Example
  ------- --------------------- -------------------------------------------------------------------------------------------------------------------------------------
  7       Dangerous agitation   Pulling at endotracheal tube, trying to remove catheters, climbing over bedrails, thrashing from side to side, striking at staff
  6       Very agitated         Patient does not calm down in response to verbal instructions or reassurance, requires physical restraint, biting endotracheal tube
  5       Agitated              Anxious or agitated but calms down in response to verbal instructions or reassurance
  4       Calm, cooperative     Calm, easily rousable, follows commands
  3       Sedated               Difficult to rouse, awakens to verbal stimuli or gentle shaking but drifts off again, will follow simple commands
  2       Very sedated          Can be roused by physical stimuli but does not communicate or follow commands, may move spontaneously
  1       Not rousable          May move or grimace minimally to stimuli but does not communicate or follow commands

###### 

Patient demographic and clinical characteristics

  Characteristic                    Remifentanil                      Fentanyl
  --------------------------------- --------------------------------- ---------------------------------
  Number of patients treated (SP)   115                               81
   Open label pilot patients        12                                6
   Open label practice patients     26                                0
   ITT population                   77                                75
    Cardiac postsurgical            46 (60%)                          45 (60%)
    General postsurgical            25 (32%)                          26 (35%)
    Medical                         6 (8%)                            4 (5%)
  Normal renal function\*           68 (59%)                          48 (59%)
  Mild renal impairment^†^          47 (41%)                          33 (41%)
  Mean SAPS II (SD)                 SP 27.9 (8.7); ITT 28.2 (8.8)     SP 27.6 (8.6); ITT 27.7 (8.8)
  Mean age \[years\] (SD)           SP 61.3 (13.8); ITT 61.5 (13.4)   SP 59.3 (13.6); ITT 58.7 (13.9)
  Sex                                                                 
   Male                             SP 81 (70%); ITT 55 (71%)         SP 56 (69%); ITT 52 (69%)
   Female                           SP 34 (30%); ITT 22 (29%)         SP 25 (31%); ITT 23 (31%)
  Mean height (cm; SD)              SP 169.8 (9.5); ITT 170.4 (9.1)   SP 169.7 (9.8); ITT 169.6 (9.6)
  Mean weight (kg; SD)              SP 76.9 (13.9); ITT 77.2 (12.7)   SP 74.9 (13.0); ITT 74.8 (13.9)

Renal function was assessed by predicting the patient\'s creatinine clearance (CL~cr~), as described by Cockcroft and Gault \[[@B32]\]. \*Normal renal function was defined as a predicted CL~cr~\>80 ml/min. ^†^Mild renal impairment was defined as a predicted CL~cr~of 50--80 ml/min. ITT, intent to treat population; SD, standard deviation; SP, safety population.

###### 

Duration of study periods

  Phase/period            Remifentanil (*n*= 77)         Fentanyl (*n*= 75)
  ----------------------- ------------------------------ ------------------------------
  Maintenance phase       13.7 hours (2.7--73.0 hours)   14.2 hours (0.3--73.3 hours)
  Extubation phase        1.0 hour (0.0--21.0 hours)     1.1 hours (0.0--4.5 hours)
  Postextubation phase    1.0 hour (0.0--1.3 hours)      1.0 hour (0.0--1.3 hours)
  Post-treatment period   24.0 hours (0.8--24.0 hours)   22.3 hours (0.5--24.0 hours)

Values are expressed as median (range).

###### 

Mean percentage of hours of optimal sedation (intent to treat population)

                                                                                                                Remifentanil (*n*= 77)          Fentanyl (*n*= 75)   *P*
  ------------------------------------------------------------------------------------------------------------- ------------------------ ------ -------------------- ----------
  Maintenance phase                                                                                                                                                  
   Median duration (h; range)                                                                                   13.7 (2.7--73.0)                14.2 (0.3--73.3)     NT
   Mean (range) % of hours of optimal sedation                                                                  88.3 (0.0--100.0)               89.3 (32.5--100.0)   NS\*
   Ratio of between-patient variability (fentanyl versus remifentanil)                                                                   1.09                        NS^†^
  Maintenance phase (excluding the patient in the remifentanil group who failed to achieve an SAS score of 4)                                                        
   Mean (range) % of hours of optimal sedation                                                                  89.5 (45.2--100.0)              89.3 (32.5--100.0)   NS\*
   Ratio of between-patient variability (fentanyl versus remifentanil)                                                                   1.84                        0.009^†^
  Extubation phase                                                                                                                                                   
   Mean (range) % of hours of optimal sedation                                                                  87.7 (0.0--100.0)               95.5 (40.0--100.0)   NT
  Postextubation phase                                                                                                                                               
   Mean (range) % of hours of optimal sedation                                                                  92.3 (0.0--100.0)               95.7 (32.3--100.0)   NT
  Post-treatment period                                                                                                                                              
   Mean (range) % of hours of optimal sedation                                                                  92.6 (0.0--100.0)               91.6 (0.0--100.0)    NT

\*Unpaired *t*-test on arcsine square root transformed data; ^†^F test. NS, not significant; NT, not tested; SAS, Sedation--Agitation Scale.

###### 

Exposure to study opioids and propofol during the maintenance phase (intent to treat population)

  Maintenance phase                                                                              Remifentanil (*n*= 77)   Fentanyl (*n*= 75)
  ---------------------------------------------------------------------------------------------- ------------------------ -----------------------
  Median duration of study opioid infusion (hours; range)                                        13.7 (2.7--73.0)         14.2 (0.3--73.3)
  Weighted mean study opioid infusion rate (μg/kg per hour; range)                               9.4 (2.3--22.8)          1.8 (0.5--6.0)
  Number of patients receiving the study drug infusion for \>24 hours                            11 (14%)                 10 (13%)
  Number of patients who received a propofol infusion                                            27 (35%)                 30 (40%)
  Mean time from starting the opioid infusion to starting the propofol infusion (hours; range)   6.6 (0.2--55.6)          5.9 (0.2--38.6)
  Median duration of propofol infusion (hours; range)                                            9.4 (0.6--53.3)          12.0 (2.5--72.3)
  Mean % of time patients received a propofol infusion (range) during the maintenance phase      62.8 (3.8--98.9)         76.1 (26.9--99.0)
  Median total propofol dose (mg; range)                                                         378.4 (15.8--4690.8)     683.0 (30.0--11323.3)
  Weighted mean infusion rate of propofol (mg/kg per hour; range)                                0.7 (0.1--2.7)           0.8 (0.2--2.5)
  Number of patients receiving the following numbers of propofol bolus doses                     (*n*= 27)                (*n*= 30)
   0                                                                                             18 (67%)                 14 (47%)
   1--3                                                                                          8 (30%)                  11 (37%)
   4--6                                                                                          1 (4%)                   4 (13%)
   ≥ 7                                                                                           0                        1 (3%)
  Number of patients receiving the following numbers of propofol rate increases                  (*n*= 27)                (*n*= 30)
   0                                                                                             17 (63%)                 6 (20%)
   1--3                                                                                          5 (19%)                  14 (47%)
   4--6                                                                                          3 (11%)                  5 (17%)
   ≥ 7                                                                                           2 (7%)                   5 (17%)
  Number (%) of patients receiving the following numbers of propofol rate decreases              (*n*= 27)                (*n*= 30)
   0                                                                                             16 (59%)                 18 (60%)
   1--3                                                                                          9 (33%)                  8 (27%)
   4--6                                                                                          2 (7%)                   3 (10%)
   ≥ 7                                                                                           0 (0%)                   1 (3%)

###### 

Haemodynamic parameters during the study period (safety population)

                                                                          Remifentanil (*n*= 115)   Fentanyl (*n*= 81)
  ----------------------------------------------------------------------- ------------------------- --------------------
  Mean arterial pressure                                                                            
   Overall weighted mean MAP (mmHg; range)                                80.9 (38--128)            79.6 (54--104)
   % of time in which MAP was within 10% of mean baseline value (range)   43.1 (0--100)             48.7 (4--91)
   Number of patients with MAP ≤ 50 mmHg                                  19 (17%)                  8 (10%)
   Number of patients with MAP ≥ 100 mmHg                                 81 (70%)                  52 (64%)
  Heart rate                                                                                        
   Overall weighted mean HR (beats/min; range)                            88.3 (63--117)            88.6 (59--129)
   % of time in which HR was within 10% of mean baseline value (range)    54.4 (0--100)             55.6 (5--100)
   Number of patients with HR ≤ 50 beats/min                              2 (2%)                    3 (4%)
   Number of patients with HR ≥ 120 beats/min                             35 (30%)                  28 (35%)

The statistical significance of the differences between groups for the mean percentages of time with heart rate (HR) and mean arterial pressure (MAP) within 10% of baseline was not tested. There were no statistically significant differences between groups for any of the other parameters.
